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(57)Abstract: 

PROBLEM TO BE SOLVED: To feed a reformed gas sufficiently to the 
quenching layer of the combustion chamber of an internal combustion 
engine which uses a hydrocarbon as the fuel, by making the reformed gas 
collide directly with the inner wall of a cylinder, and distributing the main 
fuel at the center of the cylinder and the reformed gas around the center 
of the cylinder respectively. 

SOLUTION: Together with the starting of an engine, a control unit 10 
opens a solenoid valve 83, delivers a fuel to the catalyst 71 of a reformer 7, 
and a heater 72 heats the catalyst 71. An air amount control unit 82 
delivers a specific amount of air to the catalyst 71. A hydrocarbon fuel is 
reformed there by the function of the catalyst 71, so as to produce H2 and 
CO. A nozzle 6 is installed to direct in the advancing direction of a swirl, 
and to make the gas collide with the inner wall of a cylinder 1. The 
reformed gas such as H2 and CO reformed in the reformer 7 are made 
collide directly with the inner wall of the cylinder form the nozzle 6, and the 
main fuel is distributed to the center f the cylinder 1 , while the reformed 
gas is distributed around the center of the cylinder 1. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An internal combustion engine characterized by a main fuel having been distributed over a core of said 
cylinder, and making said reformed gas distributed over the perimeter in an internal combustion engine with a means to 
supply an injection valve which supplies a main fuel to an engine, a reforming machine which generates reformed gas, 
and said reformed gas to said engine as said reformed gas collided with a cylinder wall directly. 
[Claim 2] An internal combustion engine which had a means to control electrically a fuel for said reforming machine, 
and an air content, in claim 1 , and had a means to have not been concerned with operational status but to control a flow 
rate of said reformed gas uniformly. 

[Claim 3] An internal combustion engine which prepared a nozzle which supplies said reformed gas to an engine in 
claim 1. 

[Claim 4] An internal combustion engine which makes an inclination of said nozzle 45 degrees or more from a medial 
axis of said cylinder in claim 3. 

[Claim 5] An internal combustion engine which prepared a nozzle which spouts said reformed gas near the inlet valve in 
claim 3. 

[Claim 6] An internal combustion engine which prepared opening of said nozzle in an up wall in said cylinder in claim 
3. 

[Claim 7] An internal combustion engine which prepares two inlet valves in said cylinder, prepares a nozzle which 
spouts reformed gas near [ one / said ] the inlet valve, and suspends actuation of another inlet valve at an inhalation-of- 
air production process in claim 5 in order to give a revolution style to inhalation of air. 

[Claim 8] An internal combustion engine which had an inlet- valve starting cam of a configuration which opens and 
closes said inlet valve gradually in claim 3 in order to give a revolution style to inhalation of air. 
[Claim 9] An internal combustion engine which makes adjustable a supply stage to said cylinder of reformed gas in 
claim 1. 

[Claim 10] An internal combustion engine which does the engine-speed synchronization of the supply stage to said 
cylinder of reformed gas, and carries out to adjustable in claim 9. 

[Claim 1 1] An internal combustion engine which performs a supply stage to said cylinder of reformed gas to adjustable 
in claim 10 according to an environmental change. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the internal combustion engine which uses a hydrocarbon as a fuel. 
[0002] 

[Description of the Prior Art] In the internal combustion engine which uses a hydrocarbon as a fuel, a resolution layer is 
made near the cylinder wall. As for many of fuels in a resolution layer, the discharge as a fuel of non-** is not avoided. 
This is because a flame goes out in a resolution layer. In order to avoid this, the method which injects a fuel is in a 
cylinder. However, mixing of air and a fuel is inadequate and it is easy to generate soot. Therefore, the method of 
preparing a catalyst in an exhaust pipe and oxidizing a hydrocarbon is adopted. However, at the time of starting, when 
the temperature of a catalyst is low, it does not fully react but the hydrocarbon is emitted. In order to overcome this, a 
fuel is reformed and the method of supplying the reformed gas is proposed (JP,3-145558,A, JP,3-145559,A, JP,2- 
161 163, A). However, in order to reform a lot of fuels, there is a defect which the weight of a vehicle increases and 
causes the increase of fuel consumption by that it is necessary to equip with a large-sized catalytic converter and a 
device being complicated. 

[0003] Moreover, 123 pages -128 pages "catalyst engine of symposium [ / 8th internal combustion engine ] lecture 

collected works ('90- 1- 24, 25, Tokyo, the Japan Society of Mechanical Engineers) to new concept" towards Diesel 

engine low-pollution-ization While reforming some fuels, generating the reformed gas containing hydrogen and 
improving a diesel combustion process using this reformed gas, ammonia is compounded from the hydrogen in 
reformed gas, and the method of disassembling the nitrogen oxides discharged from an engine by reduction processing 
is indicated. However, there is the following defect. 

[0004] (1) Since it is injected in [ after reformed gas's pressurizing ] a cylinder, the energy loss accompanying 
compression is large. 

[0005] (2) Liquefied excretions, such as water and a non-decomposed hydrocarbon, are contained in reformed gas, and 
degrade the endurance of the injection valve in a cylinder. 

[0006] (3) Carbon is contained in reformed gas, this deposits and burns on the catalyst surface, and a catalyst heat- 
deteriorates. Although water addition is performed in order to avoid this, it takes the time and effort which another ** a 
water tank. 

[0007] (4) Since reformed gas is injected at the anaphase of gas oil combustion, an injection system becomes a duplex 
and becomes complicated. 

[0008] (5) The ammonia emitted from an exhaust pipe at the time of acceleration increases. 

[0009] (6) Since about 5% of fuel quantity is reformed and others are injected from the conventional fuel injection 

valve, generating of soot etc. cannot be made for there to be nothing. 

[0010] 

[Problem(s) to be Solved by the Invention] In the system using conventional reformed gas, since reformed gas was 
supplied into the fuel before going into a cylinder, the trouble that reformed gas did not spread was in the portion of the 
resolution layer in a cylinder. The purpose of this invention is enabling it to fully supply reformed gas (for example, H2, 
CO, etc.) to the resolution layer of the combustion chamber of the internal combustion engine which uses a hydrocarbon 
as a fuel. 
[0011] 

[Means for Solving the Problem] Requirements for this invention are to build to stability a layer of gas which does not 
contain a hydrocarbon on a cylinder wall and a piston wall surface. 

[0012] A method of revolving a resolution layer in a cylinder in gaseous mixture to radial as a means which builds a 
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stable gas reservoir, and forcing a gas reservoir on a wall surface using centrifugal force is effective. Generation of 
turbulence by SUKYUSSHI which prevents diffusion of a gas reservoir by large-scale turbulent flow in a cylinder, and 
is produced in a crevice between the cylinder head and a piston is prevented. Therefore, a configuration of a combustion 
chamber attaches near to a pancake, and attaches swirl equipment to inhalation of air. Swirl equipment has a method of 
preparing a shroud, a method of ****ing an inhalation-of-air path, a method of preparing a swirl control valve, and a 
method of preparing an auxiliary nozzle in an inlet valve. When the direction of an auxiliary nozzle which supplies 
reformed gas to a cylinder is turned to a wall surface of a cylinder, and an inclination from a cylinder medial axis is 
made into 45 degrees or more and an inlet valve opens, it is made for reformed gas to collide to a direct cylinder. 
Thereby, a thin film of reformed gas is formed in a cylinder wall. When an angle of inclination is small, a film by which 
a collision of reformed gas which came out of an auxiliary nozzle was become weaker and stabilized becomes 
impossible. Moreover, gas flows too much to a direction of a piston, and a film of gas of the cylinder head becomes 
thin. 

[0013] Moreover, a manufacture method of reformed gas has the methods of building hydrogen from a hydrocarbon 

fuel, such as a method (bibliography, catalyst engine the new concept towards Diesel engine low-pollution-ization, 

symposium [ / 8th internal combustion engine ] lecture collected works, 90-1- 24, 25, Tokyo, the Japan Society of 
Mechanical Engineers), and exhaust gas reforming (bibliography M.R.Jones, Thermodynamic feasibility studies of the 
exhaustgas reforming of fuels, IMechE 1990, C 394/014). In order to build gas effectively at this time, it is necessary to 
control correctly fuel quantity, an air content, or the amount of exhaust gas. 
[0014] 

[Function] It is in this invention supplying a reforming fuel only to the resolution layer of a combustion chamber, and 
decreasing the unburnt matter of a hydrocarbon with little reformed gas, without equipping with a large-sized catalytic 
converter. The gas of a resolution layer is hydrogen or a carbon monoxide, and the hydrocarbon of the inside surrounded 
by the gas reservoir burns completely. A gas reservoir with a thickness of less than several mm is held in an operation of 
centrifugal force by making it circle in gaseous mixture at stability. 

[0015] What is necessary is just to reform the fuel of 3.5 % at the time of operation of 600 revolutions per minute. Since 
the electrode of an ignition plug is in a reformed gas layer, ignition improves compared with the former. It can also be 
prevented that a lubricating oil is diluted with a hydrocarbon fuel. 
[0016] 

[Example] A drawing explains the example of this invention to details. In drawing 1 , as for a cylinder 1, usual is 
cylindrical, and the even arm head 2 which SUKYUSHU does not produce, and the even piston 3 are arranged. The 
well-known fuel injection valve 4 is formed near the inlet valve 5. The gas nozzle 6 is formed near the inlet valve 5 of 
each cylinder. The nozzle 6 has turned to the travelling direction of a swirl. Moreover, a nozzle 6 is attached so that gas 
may collide with a cylinder wall. The fuel reforming machine 7 is attached in the upstream of the tee 61 of the upstream 
of a nozzle 6. The fuel-air content control unit 8 is in the upstream of the reforming machine 7. The reforming machine 
7 consists of a catalyst 71 and a heater 72. 

[0017] The control unit 8 consists of a fuel quantity controller 81 and an air content controller 82. A controller 81 
contains a solenoid valve 83. The time amount of turning on and off of a valve 83 is changed, and fuel quantity is 
controlled. A fuel is sent to a controller from a fuel pump 9. A solenoid valve is controlled by the control unit 10. Fuel 
pressure is 300kPa(s). If ON time amount of a valve 83 is lengthened, fuel quantity will increase. 
[0018] If an engine starting switch is turned on, a unit 10 will send a fuel for a valve 83 to the catalyst 71 of an aperture 
and the reforming machine 7. On the other hand, the current of a heater 72 flows and a catalyst is heated. The air content 
controller 82 operates and predetermined air is sent to a catalyst 71. Reforming of the hydrocarbon fuel is carried out in 
an operation of a catalyst 71 by this, and hydrogen and a carbon monoxide are built. These gas is distributed to each 
nozzle 6. The details are shown in the reforming machine 7 at drawing 6 using a well-known partial oxidation method. 
Since this reaction is exothermic reaction, it does not need to apply a lot of heat from the outside. Hydrocarbon CnH2n 
and oxygen 02 It reacts and is [0019]. 
[Formula 1] 

CnH2 n+n / 202 -> nCO+nH2 - (** 1) 
CO and H2 It is generated. 

[0020] With a pump 25, the fuel of a fuel tank 76 is pressurized by 20-30kPa, and is sent to an evaporator 13. The 
evaporator 13 is heated by about 300 degrees C by the electric heater. Air is heated with the starting space heater 14, is a 
temperature up and a mixing chamber 15, and is mixed with a fuel by 300 degrees C. Reforming of the gaseous mixture 
is carried out with a catalytic converter 16, it passes along a heat exchanger 17, and arrives at the reforming machine 
outlet 18. The converter 16 is filled up with 100 cc of catalysts of a nickel system. Air is pressurized by the air pump 19, 
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and a temperature up is carried out by the heat exchanger 17, and it is supplied to a mixing chamber 1 5. 
[0021] If set the air-fuel ratio in a mixing chamber 15 to 15, a reaction is made to start by the claw plug 20 and the 
temperature of the outlet of a converter 16 amounts to 600 degrees C at the time of starting, an air-fiiel ratio will be 
made into the five neighborhoods, and it is H2. Yield is raised. If the temperature up of the converter 16 is carried out 
enough, a fuel cap valve 22 will be opened wide, a fuel will be heated with the heat of a converter 16, and the current of 
the heater of an evaporator 13 will be intercepted. 

[0022] In reformed gas, it is H2. 20% and CO are 20% and C02. 4% and 02 0.2% and N2 It is contained 56%. 
[0023] The usual injection valve 4 is attached in the inlet pipe 41 in drawing 1 . The pressure of the fuel which acts on a 
valve 4 is controlled by the regulator 91. The fuel which is proportional to an air content also from an injection valve 4 
is supplied to a cylinder 1 . Since the jet of an injection valve 4 has turned to the ignition plug 1 1 of an inlet valve 5 as A 
of drawing 1 shows, it is supplied to the center section of the cylinder 1 . On the other hand, the hydrogen gas which 
blew off from the gas nozzle 6 is supplied so that the wall surface of a cylinder 1 may be met like B. Therefore, the 
surface of a cylinder 1 , an arm head 2, and a piston 3 is covered by the thin film of hydrogen gas. 
[0024] The thickness of the resolution layer of a wall surface is about 1mm. When the diameter of a boa of a cylinder 1 
is set to 70mm and a stroke is now set to 70mm, the capacity of a cylinder 1 is 3 267cm. It becomes. On the other hand, 
the capacity of a resolution layer is 3 23cm. It becomes. 

[0025] They are now and a fuel C8H16 If it carries out, eight-mol hydrogen will be made from an one-mol fuel. The 
weight of one mol of fuels is 1 12g. Since air becomes these 10 times, it is set to 1 120g. This becomes about 40 mols. In 
drawin g 2 , the capacity of the resolution layer 12 is 8.6 %. therefore ~ if 8.6 % is changed into hydrogen among fuels 
and the resolution layer 12 is supplied - homogeneity - gaseous mixture is formed in a cylinder 1. As stated above, as 
for the case of hydrogen, a mol increases compared with a gasoline. That is, if the hydrogen generated in the resolution 
layer is supplied, since the capacity of gaseous mixture will increase, the resolution layer 12 can be formed with fuels 
[ in practice ] fewer than this. Moreover, since the **** range is wide compared with a gasoline, hydrogen can lessen 
the rate of a fuel. 

[0026] The rate of the gas of the bulk 28 in a cylinder 1 is one mol of gasolines to 40 mols of air. Therefore, the capacity 
to a gasoline 1 is 41. On the other hand, the capacity to the gasoline 1 8 of the resolution layer 12, i.e., hydrogen, is set 
to 48. That is, capacity increases about 20%. If thickness of the resolution layer 12 is made the same, the fuel of the 
resolution layer 12 will be reduced about 20%. Since the percentage of the resolution layer 12 is 8.6%, it can reduce 
1 .72% of fuel. Furthermore, since the **** range of hydrogen is wide, the concentration of the fuel in the resolution 
layer 12 can be reduced. It is a flammable range even if it makes this into one half, although the fuel of 6.9 % exists in 
the resolution layer 12. Therefore, the fuel of 3.5 % can be reduced further. 

[0027] What is necessary is just to supply the fuel of 3.5 % to the resolution layer 12, since a gasoline is supplied to 
bulk 28. Moreover, since the thickness of the resolution layer 12 becomes small in inverse proportion to a rotational 
frequency at the time of high-speed operation, there may be few amounts of hydrogen. 600ipm When the fuel at the 
time is set to 1, as shown in drawing 3 , the hydrogen at that time is 0.035. Although a fuel is set to 10 at the time of 
600rpm, since the thickness of 3.5% of the resolution layer instead of 0.35 is 1/10, hydrogen ends by 0.034. Therefore, 
what is necessary is not to be concerned with operational status but just to always supply the fuel of the rate of 0.035 
from the reforming machine 7. Rotation is 600rpm. At the time of low starting, the resolution layer 12 becomes thick, 
and survival of a hydrocarbon fuel is prevented completely. 

[0028] A gas nozzle 6 is attached with the inclination of E to the medial axis C of a cylinder 1 by drawing 4 . Therefore, 
gas stream B collides with D of a cylinder 1, becomes a film vertically and horizontally and spreads. D is near where the 
inhalation-of-air style G which is in a cylinder 1 through an inlet valve 5 as shown in drawing 4 branches up and down. 
E is 45 degrees or more. If smaller than this, the amount of the gas which goes up will decrease and the resolution layer 
12 of the cylinder head will become thin. The configuration which saw the cylinder 1 from the upper part is shown in 
drawing 5 . Gas stream B of a nozzle 6 collides with a wall surface D, and is passed by Swirl F along with a wall 
surface. 

[0029] When another inlet valve 5 1 is formed in the cylinder 1 by drawing 5 , in order to prevent that the swirl of an 
inlet valve 5 becomes weak, actuation of an inlet valve 51 is suspended at the time of low r.p.m. operation. 
[0030] The amount of the fuel supplied to the reforming machine 7 is not concerned with operational status, but since it 
is fixed, it can build the always stabilized gas. When the pressure of the reforming machine 7 was set to 200kPa(s) and 
the pressure of an inlet pipe 41 changes with operational status, the flow rate from a nozzle 6 changes. The pressure of 
an inlet pipe 41 becomes high with a heavy load, and a flow rate falls. However, since combustion becomes early and 
the thickness of a resolution layer is also thin at this time, it is convenient. A pressure controller 62 is formed in the 
lower stream of a river of the reforming machine 7 by drawing 1 , and it is not concerned with fluctuation of the 
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pressure of an inlet pipe 41 , but the pressure of the reforming machine 7 is maintained uniformly. At this time, the air 
content / fuel quantity ratio which is are uniformly maintained by the reforming machine with the air content controller 
82 and the fuel quantity controller 81. This ratio is about five. Since the temperature of the reforming machine 7 
changes somewhat at this time, it maintains to constant temperature at a heater 72. 

[0031] In order to make the amount of reformed gas regularity, a flow control valve 63 is controlled according to 
fluctuation of the pressure of an inlet pipe 41 , and a flow rate is fixed. If the air content and fuel quantity which are 
supplied from the air content controller 82 and the fuel quantity controller 81 at this time are fixed, the pressure of the 
reforming machine 7 and temperature are maintained uniformly. Since the pressure of the reforming machine 7 and 
temperature do not change with operational status, it is not concerned with operational status but fixed reformed gas is 
supplied with a cylinder 1 . However, since it is generally behind to change of an air content, the closed loop control of 
the direction of a main fuel is carried out so that the concentration of the exhaust gas of the catalyst attached in the 
exhaust pipe may become a chemically correct mixture ratio. Although it is controlled by the chemically correct mixture 
ratio when the catalyst of exhaust air is a three way component catalyst, it may control to the other predetermined 
mixing ratio. The closed loop control of the air-fuel ratio is carried out about by 22 to 25 at the time of lean-mixture 
operation. 

[0032] The example which equipped the engine with another reforming machine 30 at drawing 7 is shown. The well- 
known fuel reforming method is used for the reforming machine 30. This is water H20 required for a reaction from 
exhaust gas. Heat is obtained and it is made to react according to a reforming catalyst 36. Hydrocarbon CnH2n and 
water H20 react, and it is [0033]. 
[Formula 2] 

CnH2 n+nH20 -> 2nH2+nCO - (** 2) 
Hydrogen H2 A carbon monoxide CO is generated. 

[0034] The introductory pipes 32 and 33 formed in the exhaust pipe 3 1 side introduce exhaust gas into the reforming 
machine 30 according to the exhaust-air-pressure force. As for the exhaust gas introduced from the introductory pipe 32, 
a constant rate is sent to a pipe 101 by the flow control valve 34. It is pressurized with a pump 93 and a constant rate is 
sent to the fuel heating tube 39 by the flow control valve 105, and the fuel of a fuel tank 113 serves as gaseous mixture 
with a pipe 101, and is sent to the heat-conduction pipe 106. On the other hand, the exhaust gas introduced from the 
introductory pipe 33 heats the heat-conduction pipe 106 and the fuel heating tube 39, and is discharged from an exhaust 
pipe 38. From the heat-conduction pipe 106, the reforming catalyst 36 by which interior was carried out into the heat- 
conduction pipe 106 carries out reception activation of the heat, reforms gaseous mixture, and generates hydrogen and a 
carbon monoxide. When there is no temperature of the reforming catalyst 36 including the time of starting in sufficient 
temperature zone to cause a reforming reaction, the heating heaters 37a and 37b and a flow control valve 35 are started, 
and temperature is controlled by the control unit 50. The generated reformed gas is similarly supplied to a cylinder 1 
from a nozzle 6 through a tee 61 . A pipe 38 joins an exhaust pipe 3 1 in the location distant from the introductory pipe 
33. Moreover, the exhaust gas used for heating can be effectively returned to an exhaust pipe 31 from a pipe 38 by 
making the unification section 53 into the structure of the Venturi tube. 

[0035] The example over claim 8 is shown. If whenever [ disconnection / of an inlet valve 5 ] is small as an internal 
combustion engine's inhalation process as shown in drawing 1 shows to drawing 8 (a), the rate of flow of inhalation air 
is large, and if whenever [ open ] is large as shown in drawing 8 (b), the rate of flow of inhalation air is small. Then, as 
shown in drawing 9 , in initial 66of inlet- valve disconnection a, whenever [ disconnection / of an inlet valve ] is made 
more smallish, the flow of high-speed inhalation air is induced, and a powerful swirl is generated in a cylinder. While 
injecting many of main fuels immediately after this and promoting the atomization of a main fuel by the high-speed 
style, invasion in the resolution layer of a main fuel is reduced. In inlet-valve disconnection anaphase 66b, whenever 
[ disconnection / of an inlet valve ] is enlarged and a required air flow rate is secured. The operation equipment is shown 
in drawing 10 . What is necessary is just to carry out the configuration of the cam 125 which starts an inlet valve like the 
cross-section configuration 121 of a cam with a stage from the cross-section configuration 120 of the conventional cam, 
in order to change whenever [ disconnection / of an inlet valve 5 ]. Configuration modification of a cam changes a 
stepless story even to the cross-section configuration which need by carrying out by making the cam attachment shaft 
124 slide to the hand of cut and perpendicular direction of a cam. Two or more are sufficient as the number of stages. 
[0036] The example over claim 6 is shown in drawing 1 1 . As for a cylinder 1, usual is cylindrical, and the even arm 
head 2 which SUKYUSHU does not produce, and the even piston 3 are arranged. The well-known fuel injection valve 4 
is formed near the inlet valve 5. A nozzle 140 is attached in the up wall in each cylinder so that reformed gas may carry 
out a direct incidence collision at the angle of 45 degrees or more at cylinder 1 wall surface, and the check valve 141, 
the flow control valve 142, and the fuel reforming machine 7 are formed in the upstream. A flow control valve 142 
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operates synchronizing with a fuel injection valve 4. Moreover, a check valve 141 prevents the back flow out of a 
cylinder. The reformed gas injected from the gas nozzle 140 collides with a cylinder 1, it is supplied so that the wall 
surface of a cylinder 1 , an arm head 2, and a piston 3 may be met, and it is covered by the film of reformed gas. The fuel 
reforming machine 7 may be the reforming machine 30. A nozzle 140 may give revolution parallel to the cylinder head, 
as shown in drawing 12 . Moreover, there may be two or more nozzles. 

[0037] The example over claims 9, 10, and 1 1 is shown. By performing reformed gas covering an inhalation-of-air 
process at large in an internal combustion engine's inhalation process as shown in drawing 1 , as shown in drawin g 13 
(a), the reformed gas layer 145 can be generated in a resolution layer at large [ in a cylinder ], and a main-fuel layer can 
be generated to the inside. As shown in drawing 13 (b), the reformed gas layer 145 is [ near / piston 3 / the resolution 
layer in a cylinder ] generable by performing reformed gas in the first half of an inhalation-of-air process. As shown in 
drawing 13 (c), the reformed gas layer 145 is generable near the cylinder wall of the resolution layer in a cylinder by 
performing reformed gas in the middle of an inhalation-of-air process. As shown in drawing 13 (d), the reformed gas 
layer 145 is [ near / head 2 / the resolution layer in a cylinder ] generable by performing reformed gas in the second half 
of an inhalation-of-air process. Generating a reformed gas layer to the ignition plug 1 1 neighborhood can raise 
ignitability, when ignitability [ of main fuels, such as the time of starting, ] is bad. As shown in drawing 13 (e), the 
reformed gas layer 145 is generable near [ head 2 ] the resolution layer in a cylinder, and to the piston 3 neighborhood 
by dividing reformed gas into the first half of an inhalation-of-air process, and an anaphase, and performing it. A circuit 
diagram is shown in drawing 14 . According to an operation condition, control control of a fuel injection valve and the 
reformed gas injection valve is carried out by CPU. 
[0038] 

[Effect of the Invention] Discharge of a hydrocarbon can be stably reduced with little reformed gas, without equipping 
with a large-sized catalytic converter in an internal combustion engine by this invention. 
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